ANALYTICAL METHODS FOR MAGNESIUM
Knowledge of the level of magnesium in body fluids and tissues is becoming increasingly important and magnesium balances form an essential part in metabolic studies in disease. A severe handicap in the past has been the absence of a rapid, accurate method for the estimation of the element. A brief critical review of the various methods that have been used follows together with an outline of a method which has been developed and extensively applied to specimens of plasma, urine, faeces and body tissues.
Two of the first investigators who made quantitative studies of magnesium in biological materials were Mendel and Benedict who in 1909 studied the effect of an infusion of calcium in animals on the excretion of magnesium in the urine. After the removal of calcium by precipitation as calcium oxalate, they precipitated magnesium as magnesium ammonium phosphate in alkaline solution according to the following reaction :-Mg+ + + Na2HP04 + NH40R .......
Mg(NH4)P0 4 + 2Na++H20
The precipitate was ignited and the magnesium pyrophosphate obtained was weighed. The basic principles of the method are sound but the procedure is lengthy. Modifications have been developed and involve the colorimetric estimation of phosphate after precipitation of magnesium ammonium phosphate. Although it remained one of the most reliable methods used up to the present decade the time involved in carrying out the estimation prevented its use routinely; Simonsen, Wertman and Westover (1947) claimed that after the removal of calcium one estimation could be completed in three and a half hours.
A second method is that in which magnesium is precipitated as magnesium 8-hydroxyquinoline by the addition of 8-hydroxyquinoline at an alkaline pH (Hoffman, 1937) . The magnesium 8-hydroxyquinoline can then be determined colorimetrically. Lightness of the precipitate makes the complete separation by centrifugation difficult and introduces a possible error. This difficulty has been overcome by Schachter (1959) who used a technique in which magnesium 8-hydroxyquinoline is estimated fluorimetrically in ethanolic solutions.
The two methods so far mentioned are specific for magnesium. A third method, the Titan Yellow method, was the method most widely quoted in the literature up to 1955 and is the method at which most criticism can be levelled.
This method probably appealed because of its relative simplicity; magnesium hydroxide is precipitated with sodium hydroxide in the presence of the acridine-sulpho dye, Titan yellow. The dye is adsorbed by the magnesium hydroxide and a colour change from yellow to red occurs. Mg r + + NaOR + Titan yellow ....... red colour due to dye absorption by Mg (OR)2 The yellow colour sometimes present in normal plasma or slight haemolysis are just two of the complicating factors. Haury (1937) pointed out that a definite percentage of the dye is adsorbed and any surplus dilutes the red colour. To minimise error from this source it is imperative that the standards used are very nearly the same concentration as the test solution. Kolthoff (1927) claimed that the presence of calcium deepened the red colour; while Garner (1946) found that the calcium present in plasma did not interfere, it seems likely that the determination of magnesium in bone would be affected by the calcium present. Orange and Rhein (1951) found that iron interfered with the determination; varying pH and concentrations also affect the colour (Simonsen, Wertman and Westover, 1947) . The non-specificity of the Titan yellow method cannot be over-emphasised.
A more recent method is the titration of magnesium solution with ethylene-diaminetetra-acetate (Carr and Frank, 1956 ). EDTA forms a chelation compound with magnesium at alkaline pH. In addition magnesium forms a complex with the dye Eriochrome Black T.
The dye is added to the solution containing magnesium producing a cherry red coloured complex. On addition of EDTA from a burette, the magnesium ions are stripped from the indicator until free indicator is present in solution as shown by a change in colour to blue.
With the micro quantities which are used the end-point is gradually approached and a one drop end-point is difficult to detect. A further difficulty encountered is that Eriochrome Black T reacts similarly with calcium. This necessitates either the prior removal of calcium from the solution (Carr and Frank, 1956) , or the estimation of calcium using a calcium specific indicator such as murexide followed by the estimation of calcium + magnesium with Eriochrome Black T; magnesium is then determined by difference (Wilkinson, 1957) ; in view of the fact that the concentration of calcium in, e.g., plasma, is much greater than that of magnesium this method is undesirable.
All the methods so far described involve a number of steps in their procedure; separation of calcium is often necessary. The earlier methods require as much as 2.0 ml. of plasma. The methods have been developed chiefly for use in plasma and the necessity for a rapid specific method applicable to tissues as well as to body fluids is apparent. The development of flame spectrophotometry has made such a method possible. Using the method outlined below as little as 0.1 ml. of plasma is sufficient for the estimation of magnesium flame-spectrophotometrically so that 2.0 Ilg. of the element can be measured. A further advantage of the method described (Alcock, MacIntyre and Radde, 1960) is that calcium may be estimated on the same fluid as magnesium. Both calcium and magnesium may be estimated on 20 samples of plasma in 2-2i hours. Before discussing some special aspects of the application of the method, a brief outline of the processes occurring during the actual flame spectrophotometric estimation with reference to the type of equipment which is necessary for magnesium in particular is relevant. The apparatus required consists of:-1. A burner into which the fluid is sprayed directly.
2. A monochromator-usually a prismwith high resolving power to select monochromatic light.
3. A photomultiplier to detect the light emission at a preselected wavelength.
4. An amplification system to amplify the light signal and 5. A galvanometer to register the light intensity.
The Zeiss spectrophotometer PMQ 11 with flame attachment equipped with a double monochromator MMl2 (Carl Zeiss, Oberkochen, Germany) is a suitable commercial instrument.
When the solution containing the substance to be estimated is sucked through a capillary into the flame the solvent evaporates leaving solute particles. These particles volatilise producing fast moving atoms or molecules. The kinetic energy associated with such particles is available to promote an electron from its ground state in an atom or molecule to an excited state. As the electron falls back to its ground state light is emitted; the wavelength of the emitted light is a characteristic of the particular element. Because magnesium emits light in the ultraviolet portion of the spectrum (at 285.2 mil), the amount of energy required to excite its atoms is high compared with elements such as sodium, potassium and calcium hence a particularly hot flame is The flame background in the region of the spectrum used, as shown in Figure 1 , is itself complex. Also the presence of a sodium line adjacent to the magnesium line is apparent. The method is specific, accurate and the rapidity with which it can be carried out in conjunction with calcium estimation is a distinct advantage.
Recently developed methods in which atomic absorption is measured require separate treatment of the sample for the estimation of calcium and magnesium (Willis 1959a; 1959b The monochromator must be of sufficiently high resolving power to distinguish between these two emissions. Under the conditions used the Zeiss instrument is sufficiently sensitive to make the measurement of magnesium emission satisfactory in normal plasma diluted ten-fold; sodium interference is less than two per cent.
The method for plasma involves :-1. Tenfold dilution and simultaneous deproteinisation of plasma with perchloric acid -potassium dihydrogen phosphate solution (phosphate is added in order to make possible the estimation of calcium as well as magnesium on the diluted sample). 2. Centrifugation and 3. Spraying the supematant in the flame spectrophotometer.
Urine is simply diluted and sprayed. The method has been extensively applied to determinations in dried defatted muscle, dried faecal specimens and bone. The tissues were Table 3 Mean Normal Values Reported for Plasma Magnesium Author Method
Standard Magnesium Salt
Mean Normal (mEq./1)
Carr and Frank (1956) van Fossan et. al.
Hunter (1958) Simonsen et. al.
Schachter ( In conclusion a note concerning the range of plasma magnesium values in normal human subjects should be added. Figure 2 shows a histogram obtained from the plasma magnesium levels determined flame spectrophotometrically in seventy-six human adults (Alcock, MacIntyre and Radde, 1960) . The mean value obtained was 1.66 mEq.jl. Table 3 lists the mean values obtained by a number of different authors using a variety of methods. The substance used for the preparation of standard solutions is also shown. On checking the data shown it became apparent that the differences in the mean values reported could be accounted for by inadequate care in the preparation of standard solutions. Hence if magnesium oxide was dried at a low temperature (110°-120°) the possibility of contamination from magnesium carbonate could not be excluded. A falsely high mean may then result. This could account for the results of Schachter (1959) and of Wacker and Vallee (1957) . This theory is supported by the fact that on heating magnesium oxide to a sufficiently high temperature to convert any magnesium carbonate present to the oxide, a lower mean value resulted (Davis 1955; Carr and Frank, 1956) ; the lower mean is in agreement with that obtained when either magnesium metal (van Fossan, Baird and Tekell, 1959; Hunter, 1958) or magnesium sulphate (Alcock et al, 1960) was used. A similar mean value was obtained by Simenson et al (1947) when phosphate estimation was carried out.
Conclusion
Magnesium can be estimated speedily and accurately flame spectrophotometrically. A minimum number of steps in the procedure makes it possible to estimate both magnesium and calcium in 20 samples of plasma in 2-2! hours; 0.1 ml. of plasma is sufficient for one estimation. The method is sufficiently sensitive to measure 0.1 Ilg. of magnesium. Unless specially treated, magnesium oxide
TWENTY-FIRST NATIONAL MEETING, LONDON, SEPTEMBER, 1961
The Twenty-first National Meeting of the Association was held at the Royal College of Surgeons, London, on September 23rd, 1961, being a joint meeting with the Association of Clinical Pathologists. The President of the Association, Dr. C. P. Stewart, presided at the morning Session, at which the following papers were read. Methods are available for analysis of small samples of skeletal muscles which can yield answers within a few hours of taking a biopsy. Technically, therefore, it should be possible to make clinical use of muscle biopsies, the desirability of which is emphasised by the unreliability of serum levels as indices of body and cellular content. On the face of it this should not be difficult, cell potassium makes up some 99 per cent of that in a sample, which therefore affords an index of cellular content to be evaluated against suitable standards. Difficulties arise however in the choice of suitable standards and it is with these difficulties that the communication is concerned.
Reliability of Biopsies in
It is submitted that, in spite of the very considerable variability in composition of human skeletal muscle, a biopsy can afford a useful index of cellular potassium throughout the muscle sampled. In view of the negative correlation between sodium and potassium, it is essential, when evaluating the potassium content of a biopsy, also to take into account its sodium content. It is also necessary to evaluate a biopsy against normal values obtained from the same skeletal muscle. The interpretation of findings from patients with various alimentary disorders was discussed.
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